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Remarks 

Claims 16-17 and 20-36 are cancelled. Claims 1-15, 18-19 and 37-59 are pending and 
subject to a Restriction Requirement. Applicants believe no new matter is added herein. A 
formal request for an interview to discuss the restriction requirement is submitted herewith. 
Reconsideration of the application is respectfully requested. 

Restriction Requirement 

In response to the restriction requirement, Applicants elect Group II (claims 37-49), 
drawn to a method of enhancing the immunogenicity of a vaccine and the species Bacillus 
anthracis (anthrax) with traverse. 

It is demonstrated in the present application that immunostimulatory CpG ODNs can be 
used to induce an immune response to agents involved in bioterrorism. This immune response 
can be used to treat an infection with a bioterrorism agent, or it can be used preventively, such as 
to enhance the efficacy of a vaccine. Methods to enhance an immune treat an infection with a 
bioterrorism agent, and methods of enhancing the immunogenicity of a vaccine both include the 
administration of an antigen from the bioterrorism agent in combination with an 
immunostimmulatory CpG ODN to produce an immune response in a subject. Thus, Applicants 
submit that it would not be an undue burden on the Examiner to examine the claims of Groups I 
and II together. 

Baccillus anthracis is an aerobic gram positive spore-forming bacturum. Anthrax 
Vaccnie Adsorbed (AVA) is a vaccine against Bacillus anthracis that is approved for use in the 
United States. Protective antigen (PA) is the major immunogen of the anthrax vaccine. 
Antibodies against PA neutralize the toxin. It is disclosed in the specification that 
immunostimulatory CpG ODN accelerate and boost the protective immunity elicited by a 
vaccine to Bacillus anthracis. In support of the specification, submitted herewith as Exhibit A is 
Klinman et al. (Vaccine 22: 2881-6, 2004) and Xie et al. (Infection and Immunity 73: 828-833, 
2003) documenting the unexpectedly superior results obtained with immunostimulatory CpG 
ODN and a vaccine to bacillus anthracis. 

The Office action further requires the election of a single species of oligodeoxynucleotide 
for initiation prosecution. Applicants' called Examiner Le on November 5, 2007 to discuss this 
requirement to elect only a single oligodeoxynucleotide. Specifically, a combination of three 
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oligodeoxynucleotides (SEQ ID NO: 23, SEQ ID NO: 24, and SEQ ID NO: 25) is particularly 
efficacious, and the Applicants would like to know if a specific combination of three ODN can 
be elected. In addition, ODN7909 (which comprises SEQ ID NO: 31) is also efficacious. 

After waiting three business days the Applicants' represented again tried to contact the 
Examiner on November 9, 2007. However, the undersigned was unable to contact the Examiner. 
Thus, the Applicants were unable to determine if the Examiner would consider examining the 
combination of three ODNs. 

Thus, in response to the requirement for an election of species, Applicants elect 
ODN7909, which comprises SEQ ID NO: 31. Applicants would like to elect ODN7909 itself. 

Applicants would very much appreciate if Examiner Le and Examiner Campell would 
contact the undersigned for a telephone interview, prior to substantive examination, to allow 
them the opportunity to discuss ODN7909, and to determine if a combination of ODNs (SEQ ID 
NO: 23, SEQ ID NO: 24 and SEQ ID NO: 25, in specific combination) can be examined in the 
present application, and prior to making the restriction requirement final. A specific written 
request for an interview is provided below. 

The claims are directed to a method of enhancing the immogenicity of a vaccine (claim 

37) , which can be to Bacillus anthracis (claims 39, 40 and 57). ODN7909 (comprising SEQ ID 
NO: 3 1) is an immunostimulatory K ODN (claim 51). The vaccine can be any type of vaccine, 
including but not limited to, antigen vaccines, attenuated vaccine, or heat killed vaccines (claim 

38) . The vaccine can be anthrax vaccine attenuated (AVA), and thus can include protective 
antigen (claims 41-42 and 58-59). ODN7909 comprises SEQ ID NO: 31 (claim 51). The 
immunostimulatory CpG ODN can be administered before, concurrently with or after a vaccine 
(claims 51-56). 
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Written Request for Interview 



The Examiner is formally requested to contact the undersigned prior to issuance of the 
next Office Action in order to arrange a telephonic interview to discuss the requirement for an 
election of species. Applicants would like the opportunity to discuss the requirement to elect a 
single oligodeoxynucleotide sequence for initial examination. This request is being submitted 
under MPEP § 713.01, which indicates that an interview will be arranged in advance by a written 



request. 



Respectfully submitted, 



One World Trade Center, Suite 1600 
121 S.W. Salmon Street 
Portland, Oregon 97204 
Telephone: (503) 595-5300 
Facsimile: (503) 595-5301 




Susan A^ert Siegel, Ph.D. 
Registration No. 43,121 
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To reduce the biothreat posed by anthrax, efforts are under way to improve the protection afforded by 
vaccination. This work examines the ability of immunostimulatory CpG oligodeoxynucleotides (ODN) ad- 
sorbed onto cationic polylactide-co-glycolide (PLG) microparticles (CpG ODN-PLG) to accelerate and boost 
the protective immunity elicited by Anthrax Vaccine Adsorbed (AVA, the licensed human anthrax vaccine). The 
results indicate that coadministering CpG ODN-PLG with AVA induces a stronger and faster immunoglobulin 
G response against the protective antigen of anthrax than AVA alone. Immunized mice were protected from 
lethal anthrax challenge within 1 week of vaccination with CpG ODN-PLG plus AVA, with the level of 
protection correlating with serum immunoglobulin G anti-protective antigen titers. 



Bacillus anthracis is an aerobic gram-positive spore-forming 
bacterium found naturally in wild and domesticated animals 
(13). It is highly resistant to environmental degradation and 
produces a tripartite toxin that reduces the ability of the host's 
immune system to eliminate the pathogen (13). Human expo- 
sure to anthrax typically arises following contact with infected 
livestock and generally results in a mild form of cutaneous 
disease (8, 32). However, anthrax spores designed for aerosol 
delivery were intentionally released by bioterrorists in the 
United States in 2001. The resultant morbidity, mortality, and 
widespread panic underscored the potential for anthrax to be 
used as a bioterror agent and the need to improve the speed, 
magnitude, and safety of anthrax vaccination (25). 

Anthrax Vaccine Adsorbed (AVA) is the only anthrax vac- 
cine licensed for human use in the United States. It is prepared 
by adsorbing the culture filtrate of an attenuated toxinogenic 
nonencapsulated strain of B. anthracis (V770-NP1-R) onto 
aluminum hydroxide (16). Studies show that protective antigen 
(PA), the core of anthrax toxin, is the major immunogen of 
AVA. Antibodies against PA neutralize the toxin, inhibit spore 
germination, and improve the phagocytosis and killing of 
spores by macrophages (18, 26, 41, 42). Vaccination with AVA 
requires a series of six immunizations delivered over 18 months 
followed by yearly boosters (30, 31). This schedule has been 
linked to the development of adverse side effects including 
joint pain, gastrointestinal disorders, and pneumonia, leading 
many U.S. soldiers to refuse vaccination (9, 30, 33). Strategies 
designed to reduce the dose and number of immunizations 
required to achieve protection might improve compliance. 
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Synthetic oligodeoxynucleotides (ODN) containing immu- 
nostimulatory CpG motifs can boost the immune response to 
coadministered antigens, including AVA (4, 19, 20, 21, 40). 
CpG ODN induce the functional maturation of professional 
antigen-presenting cells and trigger the production of immu- 
nostimulatory cytokines and chemokines (2, 12, 20, 23, 24). 
Biodegradable cationic polylactide-co-glycolide (PLG) micro- 
particles represent a different form of immune adjuvant. PLG 
improve the uptake and processing of adsorbed antigen by 
antigen-presenting cells (3, 6, 7, 28, 35, 36, 37). The current 
work examines whether CpG ODN adsorbed onto PLG mi- 
croparticles (CpG ODN-PLG) increase the speed and magni- 
tude of protective anti-PA immunity induced by coadminis- 
tered AVA. 



MATERIALS AND METHODS 

Reagents. Phosphorothioate CpG ODN 1555 (GCTAGACGTTAGCGT) and 
control ODN 1612 (GCTAGAGCTTAGCGT) were synthesized at the Center 
for Biologies Evaluation Research core facility (10). AH ODN were free of 
endotoxin and protein contamination. ODN were adsorbed onto PLG at 1% 
(wt/wt) as previously described (37). Briefly, PLG microparticles with a copoly- 
mer ratio of 50/50 were emulsified with hexadecyl trimetliyl ammonium bromide 
through a solvent evaporation process. The resultant cationic PLG micropar- 
ticles were incubated with ODN overnight at 4°C with gentle shaking followed by 
washing and freeze-drying, and the amount of ODN adsorbed to PLG micro- 
particles was quantitated. AVA was obtained from BioPort Corporation (East 
Lansing, Mich.). Recombinant PA was provided by U.S. Army Medical Research 
Institute of Infectious Diseases (Fort Detrick, Md.) and prepared as described 
(15). Recombinant lethal factor was purchased from Research Diagnostics Inc. 
(Flanders, N.J.). Toxinogenic (pX01 + ), nonencapsulated (pX02~) Sterne vac- 
cine strain spores of B. anthracis (STI) were obtained from the U.S. Army 
Medical Research Institute of Infectious Diseases and stored at 4°C (17). 

Animals. Specific-pathogen-free male A/J mice were obtained from the Na- 
tional Cancer Institute (Frederick, Md.). They were housed in sterile microiso- 
lator cages in a barrier environment and studied at 8 to 12 weeks of age. All 
animal experiments were conducted with Animal Care and Use Committee- 
appToved protocols, and challenge studies were performed in a biosafety level 2 
facility. 
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Weeks post immunization 

FIG. 1. IgG anti-PA antibody titers in AVA-vaccinated mice. Male A/J mice were immunized intraperitoneally with 200 (xl of AVA (O) with 
and without 20 |xg of free (A) or PLG-adsorbed CpG ODN (■). Data represent the geometric mean ± standard error serum IgG anti-PA titer 
of 10 independently studied mice per group. **, P < 0.01; P < 0.001; ns = not significant; determined by two-way analysis of variance. TNA, 
toxin-neutralizing activity. 



Immunization and challenge studies. A/J mice were immunized intraperito- 
neally with AVA formulated in alum with and without CpG ODN, PLG, or CpG 
ODN adsorbed onto PLG (CpG ODN-PLG). The mice were bled weekly, and 
their serum was stored at -20°C until use. Mice were challenged intraperitone- 
ally with 3 X 1 0 2 to 9 X Id 3 50% lethal doses (LD 50 ) of STI spores suspended 
in 0.5 ml of sterile phosphate-buffered saline (1 LD S0 = 1.1 X 10 3 STI spores). 
Survival was monitored for 21 days. 

IgG anti-PA ELISA. Immunoglobulin G (IgG) anti-PA antibody titers were 
monitored as described (21). Briefly, 96-well microtiter plates (Immulon IB, 
Thermo Labsystems, Franklin, Mass.) were coated with 1 u.g of recombinant PA 
per ml in phosphate-buffered saline at 4°C overnight. The plates then were 
blocked with 5% nonfat dry milk in phosphate-buffered saline containing 0.1% 
Tween 20. Plates were washed, and overlaid with serially diluted serum for 2 h at 
room temperature. After thorough washing, bound antibodies were detected by 
adding horseradish peroxidase-labclcd goat anti-mouse IgG. IgGl, or lgG2a 
(Southern Biotechnology, Birmingham, Ala.) followed by ABTS (2,2'-azino-di- 
3-ethylbenzthiazoline-6-sulfonic acid) substrate (Kirkegaard & Perry, Gaithers- 
burg, Md.). Relative antibody titers were determined by comparison to a stan- 
dard curve generated with pooled seTa from hyperimmunized mice and 
expressed as the reciprocal of the endpoint dilution which yielded an absorbance 
value at least three times background levels. All samples were analyzed in 
duplicate. 

Toxin-neutralizing assay. The toxin-neutralizing titers of individual serum 
samples were assessed by their ability to protect RAW264.7 cells (American 
Type Culture Collection, Manassas, Va.) from lethal toxin with minor modifica- 
tions from previously described methods (15). RAW264.7 cells were plated at 3 
X 10" cells/well in 100 u.1 of glutamine-free RPMI 1640 medium containing 10% 
fetal bovine serum and 2 mM glutamax-1 (Invitrogen Corporation). The cells 
were incubated at 37°C in a 5% C0 2 incubator overnight. Serially diluted anti- 
serum was 1 : 1 (vol/vol) mixed with lethal toxin ( 100 ng of recombinant PA per ml 



plus .100 ng of recombinant lethal factor per ml) at room temperature for 30 min 
to allow neutralization to occur; 100 uJ of this mixture was then incubated with 
the cells for 6 h at 37°C. Cell viability was determined by monitoring the reduc- 
tion of 3-(4,5-dimethyl-2-thiazolyI)-2,5-diphenyl-2H-tetrazolium bromide (MTT; 
Sigma-Aldrich, St. Louis, Mo.). Results were standardized against known high- 
titered monkey serum kindly provided by the Centers for Disease Control. 

Statistics. Differences in the kinetic development of anti-PA immune re- 
sponses were determined by two-way analysis of variance. Differences in the IgG 
anti-PA response induced by various vaccine-adjuvant combinations were as- 
sessed by one-way analysis of variance. Differences in survival were evaluated 
with chi-square analysis of Kaplan-Meier curves. Correlation coefficients were 
determined by linear regression analysis. The predictive value of IgG anti-PA 
and toxin-neutralizing titers on survival was evaluated with two-parameter logis- 
tic regression (1). 



RESULTS 

CpG ODN-PLG boost the immunogenicity of AVA. Previous 
studies established that CpG ODN could act as immune adju- 
vants when coadministered with AVA (21). To examine 
whether CpG ODN adsorbed onto PLG microparticles consti- 
tuted an even more effective adjuvant, CpG ODN-PLG were 
coadministered to A/J mice with an optimally immunogenic 
dose of AVA (200 A/J mice were selected for study be- 
cause they are susceptible to challenge by attenuated STI an- 
thrax spores, allowing the protective activity of the resultant 
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FIG. 2. IgG anti-PA antibody response in A/J mice following low-dose AVA (8 to 25 u,l) intraperitoneal immunization. There were no 
significant differences in IgG anti-PA titers at these vaccination doses, allowing data from all mice to be combined. Results represent the geometric 
mean £ standard error IgG anti-PA response 14 days after immunization (n = 11 to 29 independently studied mice per group). **, P < 0.01; ***, 
P < 0.001, determined by one-way analysis of 



(21). 



response to be examined in a biosafety level 2 facility 



Consistent with previous studies, the magnitude of the IgG 
anti-PA response induced by AVA was significantly improved 
by coadministration of CpG ODN (P < 0.01, Fig. 1A). How- 
ever, coadministering CpG ODN-PLG with AVA boosted this 
response by an additional 4- to 30-fold (F < 0.001, Fig. 1A). 
This improved humoral immune response persisted for the 
duration of the study (4 months). IgGl, IgG2a, and serum 
toxin-neutralizing antibody titers were all significantly in- 
creased by combining CpG ODN-PLG with AVA (Fig. IB to 
D). IgG anti-PA antibody was undetectable in unvaccinated 
mice. 

Antigen-sparing effect of CpG ODN-PLG. The reactogenic- 
ity of the licensed anthrax vaccine might be reduced if the 
amount of AVA required to induce protective immunity could 
be lowered. Thus, the ability of CpG ODN-PLG to reduce the 
dose of AVA needed to elicit protective immunity was exam- 
ined. Preliminary experiments established that 8 to 25 p.1 of 
AVA induced a detectable anti-PA response in all vaccinated 
mice, whereas 3 p.1 of AVA was immunogenic in only a fraction 
of vaccinated animals. As seen in Fig. 2, coadministering CpG 
ODN-PLG with 8 to 25 |xl of AVA boosted the resultant IgG 
anti-PA antibody response by nearly 50-fold compared to AVA 
alone (P < 0.001, Fig. 2). This effect required the combination 
of CpG ODN with PLG, since PLG microparticles (alone or in 
combination with control ODN) had no significant impact on 
the magnitude of the response induced by AVA (Fig. 2). 

CpG ODN-PLG accelerate the development of AVA-medi- 
ated protection. Preliminary studies demonstrated that mice 
immunized with 3 to 8 u.1 of AVA took >2 weeks to develop a 
protective immune response against anthrax infection (data 
not shown). To determine whether CpG ODN-PLG could 
accelerate this induction of protective immunity, A/J mice 



were immunized with AVA with and without adjuvant and 
their ability to resist anthrax challenge 1 week later was exam- 
ined. 

Consistent with preliminary studies, mice immunized with 
AVA alone were highly susceptible to infection at this early 
time point (>90% mortality, Fig. 3). Yet >80% of the mice 
immunized with CpG ODN-PLG plus AVA survived infection 
at this early time point (P < 0.0001, Fig. 3). Immunization with 

"O- Naive 
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-■—AVA* (CpG ODN-PLG) 
-A- AVA + control ODN 
■O- AVA ♦ (control ODN-PLG) 
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-V- (CpG ODN-PLG) 




Days after challenge 

FIG. 3. Survival of vaccinated mice. A/J mice were immunized in- 
traperitoneally with <8 u.1 of AVA plus 20 u.g of free or PLG-adsorbed 
ODN. The mice were challenged intraperitoneally 7 days later with 3 
X 10 2 "" 3 50% lethal doses of STI spores. The survival of control groups 
(including naive mice and mice vaccinated with AVA) was indistin- 
guishable between experiments. Thus, data from multiple experiments 
were combined for 11 to 36 mice per group. 
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CpG ODN plus AVA in the absence of PLG yielded interme- 
diate protection (50% survival, P < 0.01 versus CpG ODN- 
PLG/AVA, Fig. 3), whereas CpG ODN-PLG in the absence of 
AVA was not protective. 

Humoral immunity as a predictor of protection. There is 
considerable interest in identifying a surrogate marker for pro- 
tective immunity against anthrax. Towards that end, the serum 
toxin-neutralizing activity and IgG anti-PA titer were evalu- 
ated as predictors of survival following anthrax spore chal- 
lenge. As seen in Fig. 4A, toxin-neutralizing antibody corre- 
lated significantly with IgG anti-PA titer (R 2 = 0.46, P < 
0.0001). Although toxin-neutralizing antibody predicted pro- 
tection against anthrax, two-parameter logistic regression 
modeling showed that IgG anti-PA was the superior surrogate 
marker of survival (Fig. 4B, IgG: R 2 = 0.64, P < 0.0001; Fig. 
4C, toxin-neutralizing antibody: R 2 = 0.36, P < 0.0001). In this 
context, receiver operating characteristic analysis showed that 
total IgG anti-PA titer was 97% accurate at predicting survival 
following anthrax challenge, whereas toxin-neutralizing anti- 
body was 91% accurate. The magnitude of the IgG anti-PA 



response provided valuable information on an animal's resis- 
tance to anthrax infection. For example, >90% of mice are 
protected against 9 x 10 3 50% lethal doses of anthrax if their 
IgG anti-PA titer exceeds 1,000, while a titer of >6,000 indi- 
cates that >99% of mice are protected from such high-dose 
challenge. 

DISCUSSION 

Efforts are under way to increase the speed and magnitude 
of the protective immune response elicited by AVA Current 
findings indicate that these goals may be met by coadminister- 
ing CpG ODN-PLG with AVA, resulting in a more rapid and 
stronger anti-PA antibody response than immunization with 
AVA alone (or combined with CpG ODN in the absence of 
PLG; Fig. 1 and 2). Significant protection against anthrax chal- 
lenge was present within 1 week of vaccination with CpG 
ODN-PLG plus AVA (Fig. 3), indicating that the combination 
of CpG ODN with PLG is significantly more effective than 
CpG ODN or PLG alone as an immune adjuvant. The quality 



R 2 = 0.46, p < 0.0001 
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FIG. 4. Correlation between serum antibody response and survival. Mice were immunized intraperitoneally with 8 to 25 jjlI of AVA plus free 
or PLG-adsorbed ODN. Two weeks postimmunization, serum IgG anti-PA and toxin-neutralizing antibody titers were determined, and the mice 
were challenged intraperitoneally with 9 X 10 3 50% lethal doses of STI spores. Results from four independent experiments involving a total of 130 
mice are shown. (A) Linear regression of IgG anti-PA versus toxin-neutralizing antibody titers in mice that succumbed to (□) or survived (♦) 
infection. (B) Logistic regression of survival versus IgG anti-PA titer. (C) Logistic regression of survival versus toxin-neutralizing antibody titer. 
TNA, toxin-neutralizing activity. 
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of the resultant anti-PA response was high, as evidenced by 
enhanced toxin-neutralizing activity, improved in vivo protec- 
tion, and high levels of IgG2a antibody (known to promote the 
clearance of bacterial infection by complement-mediated cyto- 
toxicity) (29). 

CpG ODN and PLG microparticles represent distinct forms 
of vaccine adjuvant. CpG ODN interact with immune cells 
expressing Toll-like receptor 9 (including B cells and plasma- 
cytoid dendritic cells), stimulating them to secrete proinflam- 
matory and Thl cytokines and chemokines and to undergo 
functional maturation (20). CpG ODN have been shown to 
improve the immune response to coadministered vaccines, in- 
cluding AVA (5, 10, 20, 22). Clinical trials indicate that CpG 
ODN are safe and effective in humans, significantly improving 
the antibody response elicited by a coadministered hepatitis B 
vaccine (11). 

PLG microparticles are composed of the same biodegrad- 
able and biocompatible polymers used safely in adsorbable 
stitches for many years (38). Antigen can be adsorbed onto (or 
encapsulated within) PLG microparticles. The antigen-bound 
particles are readily taken up and processed by professional 
antigen-presenting cells, promoting the induction of humoral 
and cytotoxic T-lymphocyte responses (7, 34, 35, 38, 39). Since 
the adjuvant-like properties of PLG microparticles differ from 
those of CpG ODN, Singh et al. examined whether the com- 
bination could improve the immunogenicity of a coadminis- 
tered antigen (37). Using p55 gag , a weak antigen, they showed 
that CpG ODN-coated PLG microparticles significantly 
boosted the cytotoxic T-lymphocyte response elicited com- 
pared to antigen alone or combined with free CpG ODN or 
PLG (37). The current results extend that finding by demon- 
strating that, when combined with a strong immunogen such as 
AVA, CpG ODN-PLG boost and accelerate the resultant im- 
mune response. This response persisted at protective levels 
throughout the 4-month duration of the experiment (Fig. 1 and 
4). The absolute duration of protection, and whether CpG 
ODN-PLG can boost the secondary immune response elicited 
by AVA are subjects of ongoing investigation. 

A goal of anthrax vaccine developers is to reduce the fre- 
quency and severity of adverse reactions. The results indicate 
that CpG ODN-PLG had an antigen-sparing effect, reducing 
the amount of AVA required to elicit protection by >20-fold. 
By reducing antigen load, CpG ODN-PLG might lessen the 
risk of adverse reactions to an AVA-based vaccine. Yet a 
recent report suggests that daily administration of high-dose 
CpG ODN for up to 3 weeks causes severe toxicity (14). For- 
tunately, neither local nor systemic reactions were observed in 
mice vaccinated with CpG ODN-PLG plus AVA in the current 
study. This is consistent with previous work showing that mod- 
est doses of CpG ODN can be used safely as vaccine adjuvants 
(4, 5, 11, 20, 21, 22, 37). 

Both IgG anti-PA and toxin-neutralizing activity have been 
proposed as surrogate markers for vaccine efficacy, although 
their relative merit is uncertain (27). Resolving this issue is of 
considerable importance, as the decision to license future an- 
thrax vaccines will rely on surrogate markers of protection 
(since conventional phase III efficacy studies cannot be con- 
ducted with biothreat pathogens). While IgG anti-PA and tox- 
in-neutralizing antibody levels both correlated with survival, 
two-parameter logistic regression analysis showed the former 



to have greater sensitivity and specificity in predicting survival 
(Fig. 4). From the perspective of evaluating the likely efficacy 
of a vaccination campaign, serum IgG anti-PA antibody titer 
would be useful in predicting survival following defined levels 
of pathogen exposure (Fig. 4). 

Current findings demonstrate that CpG ODN-PLG can in- 
crease the speed and magnitude of the humoral immune re- 
sponse induced by AVA. This vaccine-adjuvant combination 
elicited protective immunity within 1 week, suggesting that a 
CpG ODN-PLG-based vaccine might accelerate the induction 
of a protective immune response in individuals potentially ex- 
posed to anthrax. Such a vaccine might also be administered to 
emergency personnel prior to deployment to a site of anthrax 
release. The current results also help clarify the relationship 
between serum anti-PA and toxin-neutralizing antibody titers 
and their utility as surrogate markers for protection. Ongoing 
research suggests that CpG ODN-PLG also boost the response 
of vaccine candidates targeting other biowarfare pathogens. 
While such studies need to be repeated in appropriate nonhu- 
man primate challenge models, they suggest that CpG ODN- 
PLG may be useful as adjuvants for a broad range of novel 
vaccines. 
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Abstract 

Synthetic oligodeoxynucleotides (ODN) containing unmethylatcd CpG motifs act as immune adjuvants, improving the immune response 
elicited by co-administered vaccines. Combining CpG ODN with anthrax vaccine adsorbed (AVA, the licensed human vaccine) increased 
the speed, magnitude and avidity of the resultant anti-anthrax response. The protective activity of these Abs was established by passive 
transfer to anthrax-challenged mice. The ability of CpG ODN to accelerate and magnify the immune response to AVA suggests this strategy 
may contribute to the development of prophylactic and therapeutic vaccines against biothreat pathogens. 
Published by Elsevier Ltd. 
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1. Introduction 

Anthrax is caused by the gram-positive bacterium Bacil- 
lus cmthracis [1,2]. Anthrax spores are highly resistant to 
environmental degradation and can remain infectious for 
decades. In the past, human exposure to anthrax resulted 
primarily from cutaneous contact with infected livestock 
[1,2]. Recently, spores formulated to readily infect the res- 
piratory tract were intentionally released by bioterrorists in 
the US [3]. This caused immediate morbidity and mortality, 
and raised the specter of future exposure to these long-lived 
spores [3]. 

Vaccination is the least costly and most effective method 
of reducing susceptibility to anthrax infection and accel- 
erating the development of protective immunity following 
pathogen exposure [1]. Neutralizing Abs directed against 
the bacteria's "protective antigen" (PA) reduce pathogenic- 
ity by preventing anthrax toxin from binding to host cells, 
inhibiting the germination of spores, and improving the 
phagocytosis/killing of spores by macrophages [4-7]. Un- 

Abbreviations: rPA, recombinant PA antigen; PA, protective antigen; 
AVA, anthrax vaccine adsorbed (licensed human anthrax vaccine); ODN, 
oligodeoxynucleotide 
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fortunately, the currently licensed human anthrax vaccine 
adsorbed (AVA) requires six vaccinations over 18 months 
followed by yearly boosters to induce and maintain pro- 
tective IgG anti-PA titers [8,9]. In some vaccinees, this 
immunization regimen causes undesirable side effects 
[9]. 

Synthetic oligodeoxynucleotides (ODN) containing im- 
munostimulatory "CpG motifs" can improve the immune 
response to co-administered antigens [10-12]. CpG ODN 
interact with Toll-like receptor 9 expressed by B cells and 
plasmacytoid dendritic cells [13-1 6], improving antigerfpre- 
sentation and triggering the production of chemokines and 
Thl and pro-inflammatory cytokines (including IFN-y, IL-6, 
IL-12, IL-18 and TNFa) [13,14,17,18]. In mice, CpG ODN 
have been shown to boost the protective efficacy of vac- 
cines against bacterial, viral and parasitic pathogens [ 1 9-23]. 
However, due to evolutionary divergence in CpG recognition 
between species, ODN that are highly active in rodents may 
be poorly immunostimulatory in primates [24-26]. Thus, 
pre-clinical studies to examine whether CpG ODN can ac- 
celerate and boost the immune response elictied by AVA 
must be conducted in a relevant primate model. This work 
provides evidence that co-administering GMP-grade CpG 
ODN with AVA to rhesus macaques increases the rapidity, 
titer, affinity, and protective efficacy of their resultant IgG 
anti-PA response. 
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2. Materials and methods 

2.1. Reagents 

The phosphorothioate ODN mixture containing equimolar 
amounts of ATCGACTCTCGAGCGTTCTC, TCGTTCG 
TTCTC and TCGAGCGTTCTC was synthesized at the 
Center for Biologies Core Facility. ODN 7909 was provided 
by Coley Pharmaceuticals. All ODN had less than <0.1 EU 
of endotoxin/mg of DNA as assessed by a Limulus ame- 
bocyte lysate assay (QCL-1000, BioWhittaker). AVA was 
obtained from BioPort Corporation (East Lansing, MI). 

The attenuated non-encapsulated Sterne strain of anthrax 
was obtained from the culture collection of the United States 
Army Medical Research Institute of Infectious Diseases, 
Fort Detrick, MD. Spores were prepared and stored as pre- 
viously described [27]. 

2.2. Animals 

All animal studies were ACUC approved and were con- 
ducted in AAALAC accredited facilities. Animals were 
monitored daily by veterinarians. Specific pathogen-free 
A/J mice were obtained from the Jackson Laboratories (Bar 
Harbor, ME) and housed in sterile micro-isolator cages in a 
barrier environment. 

In the first experiment, rhesus macaques (3-5 kg, N = 6 
per group) were immunized s.c. at 0 and 6 weeks with 
0.5 ml of AVA plus 250 \xg of an equimolar mixture of 3 
CpG ODN (described below), and then "challenged" with 
10 5 Sterne strain anthrax spores when serum anti-PA titers 
returned to baseline at week 26. Serum Ab levels were mon- 
itored 3 weeks post-immunization and 2 weeks post-boost 
per challenge. In the second experiment, macaques (3-5 kg, 
N = 5 per group) were immunized s.c. with 0.5 ml of AVA 
plus 500 ug of ODN 7909 or the same mixture of 3 CpG 
ODN mentioned above. Animals were bled at least weekly 
for 6 weeks. All treatments were administered and periph- 
eral blood samples obtained from ketamine anesthetized 
animals (lOmg/kg, Ketaject, Phoenix Pharmaceuticals, St. 
Joseph, MD). 

2.3. Anti-PA ELISA and avidity assays 

Anti-PA titers were measured by coating 96-well Immu- 
lon 2 microtiter plates (Thermo LabSystems, Franklin MA) 
with 1 (j-g/ml of recombinant PA (rPA) (produced at USAM- 
RIID as previously described [28]). Serum samples were se- 
rially diluted in PBS plus 5% non-fat dry milk and incubated 
on these plates for 1 h at RT. The plates were washed, and 
for avidity assays overlaid for 15min with 200 |xl of 6M 
urea. Bound Ab was detected using peroxidase-conjugated 
goat anti-human IgG (Kirkegaard & Perry, Gaithersburg, 
MD) followed by ABTS substrate (Kirkegaard & Perry). 
Absorbance values were measured at 405 nm, and Ab titers 



calculated from the linear portion of the titration curve con- 
taining at least three contiguous dilutions (R 2 > 0.9800). 
Ab titers represent the reciprocal of the dilution that re- 
sulted in an absorbance value of 0.400, which was approx- 
imately twice background levels. For avidity comparisons, 
titers were determined by comparison to a standard curve 
generated using high-titered anti-PA serum. All samples 
were analyzed in triplicate. 

2.4. Serum transfer study 

Serum from all monkeys in each treatment group was 
pooled. One hundred microliters of pooled serum was in- 
jected i.p. into 6-week-old male A/J mice (N = 20 per 
group). The following day, mice were challenged i.p. with 
500 |xl of PBS containing 30 LD50 Sterne strain anthrax 
spores. Mice were monitored daily for 2 weeks, and time to 
death was recorded. 

2.5. Toxin neutralization assay 

RAW264.7 cells were plated overnight in 96-well mi- 
crotiter plates at a concentration of 30,000 cells per well. 
Serum from vaccinated monkeys was serially diluted in 
complete medium (starting at 1:20) and incubated with 
lOOng/ml rPA plus lOOng/ml lethal factor (Research Diag- 
nostics Inc., Flanders NJ) for 1 h at 37 °C. This mixture was 
added to the cells for 4h at 37 °C. Ten microliters of MTT 
(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bro- 
mide, 5 mg/ml in PBS, Sigma, St. Louis MO) was added for 
2h, followed by lysis buffer (25 g SDS in 50% DMF, pH 
4.7) to dissolve the formazan crystals. Absorbance values 
were read at 570 with a reference filter of 690. 

2.6. Statistical analysis 

Differences in serum anti-PA Ab titers were evaluated 
by multiple regression ANOVA. Differences in survival 
were evaluated using Chi-square analysis of Kaplan-Meier 
curves. 



3. Results 

3.3. CpG ODN increase the speed and titer of the IgG 
anti-PA Ab response induced by AVA immunization 

Initial studies examined the effect of co-administering a 
mixture of CpG ODN [29] with AVA on the resultant im- 
mune response. The production of serum IgG anti-PA Abs 
was monitored, since such Abs are necessary and sufficient 
to protect against anthrax infection [1]. As seen in Fig. 1, 
adding CpG ODN to AVA increased the primary and sec- 
ondary IgG response by two- to three-fold when compared 
to AVA alone (P < 0.02). At week 26, when Ab titers had 
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Primary Secondary Challenge 



Fig. 1. Rhesus macaques (6 per group) were immunized s.c. with 0.5 ml of AVA alone (□) or combined with 250 ug of a mixture of the 3 CpG ODN 
described in Section 2 (■). Animals were boosted with the same material at week 6, and challenged with 10 s Sterne strain anthrax spores at week 26. 
IgG anti-PA titers were measured in the serum of each animal 3 weeks post-immunization and 2 weeks post-boost per challenge. Results represent the 
mean ± S.E.M. of these titers. (*) Significantly higher IgG anti-PA titer at that time point, compared to animals immunized with AVA alone, P < 0.05. 



fallen to near baseline levels, the animals were challenged 
with the attenuated Sterne strain of anthrax. The resultant 
IgG anti-PA response was significantly higher in macaques 
primed and boosted with AVA plus CpG ODN {P < 0.01). 

The quality of a vaccine-adjuvant combination is reflected 
by both the avidity and titer of the Abs induced. To assess the 
avidity of the IgG anti-PA Abs, their ability to remain bound 
to PA in the presence of 6 M urea was evaluated [30,31], As 
expected, affinity-matured Abs induced by secondary im- 
munization were significantly more avid than those elicited 
by primary immunization (Fig. 2, P < 0.01). The avidity 
of the secondary anti-PA response of macaques immunized 
with AVA + CpG ODN was significantly higher than that of 
animals immunized with AVA alone (P < 0.01). 

Based on this evidence that CpG ODN could improve 
the immunogenicity of AVA, a second experiment was 
conducted utilizing GMP-grade CpG ODN optimized for 
human use. Clinical grade CpG ODN 7909 (currently un- 



dergoing clinical trials for cancer therapy), the original 
CpG ODN mixture, or AVA alone, was administered to 
rhesus macaques. As seen in Fig. 3, the CpG ODN mixture 
again induced a stronger immune response than AVA alone. 
However, ODN 7909 triggered an even higher IgG anti-PA 
response. Starting by 1 1 days post-vaccination, ODN 7909 
plus AVA was significantly more immunogenic than AVA 
alone (P < 0.05), generating a >3-fold higher IgG anti-PA 
response over the first month (P < 0.01). 

3.2. Protective efficacy of the IgG anti-PA response 



The critical measure of an antigen-adjuvant combination 
is its ability to induce protective immunity. Due to restric- 
tions on the use of macaques in lethal anthrax challenge 
experiments, several alternative approaches were used to 
examine whether protective immunity was elicited by vac- 
cination with AVA plus CpG ODN. In the first experiment, 




Primary 



Secondary 



Fig. 2. The relative avidity ± S.E.M. of the IgG anti-PA Abs in the serum of animals immunized and boosted as described in Fig. 1 was determined by 
elution with 6M urea. (*) Significantly greater avidity compared to animals immunized with AVA alone, P < 0.03. 
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Days post immunization 

Fig. 3. Rhesus macaques (5 per group) were immunized s.c. with 0.5 ml 
of AVA alone (A) or combined with 500 ug of the mixture of CpG 
ODN used in Fig. 1 (•) or ODN 7909 (■). IgG anti-PA titers were 
measured by ELISA in the serum of each animal at multiple time points 
post-immunization. Results represent the mean ± S.B.M. of these titers. 
(*) Significantly higher IgG anti-PA titer at that time point, compared to 
animals immunized with AVA alone, P < 0.05. (**) Significantly higher 
cumulative IgG anti-PA titer compared to animals immunized with AVA 
alone, P< 0.01. 



immunized macaques were "challenged" with the attenu- 
ated (non-lethal) Steme strain of B. anthracis. Challenged 
animals immunized with AVA plus CpG ODN mounted a 
3-fold stronger immune response than animals immunized 
with AVA alone (Fig. 1, P < 0.03). 

Second, the ability of serum Abs from immunized 
macaques to passively protect mice from anthrax challenge 
was explored. A/J mice are susceptible to the attenuated 
Sterne strain of anthrax, but are protected by neutraliz- 
ing anti-PA Abs. Serum from pre-immune or immunized 
macaques was passively transferred to recipient mice (20 per 
group). As seen in Fig. 4, animals that received pre-immune 
serum or serum from AVA immunized macaques rapidly 
succumbed to challenge by 30 LD50 Sterne strain B. An- 
thracis spores. In contrast, serum from macaques immu- 
nized with AVA plus CpG ODN protected nearly half of 
recipient mice from lethal challenge (P < 0.03). 



Table 1 

Passive transfer of protection tc 



Serum neutralizing titer 



AVA + CpG ODN 434 ± 109* 



10 ± 5 
43 ± 33 
2510 ± 1150* 



Rhesus macaques were immunized s.c. with 0.5 ml of AVA alone or 
combined with 500 fig of ODN 7909. Pre-immune serum, or serum 1 1 
days post-vaccination, was pooled and injected i.p. into A/J mice (0.1 ml 
per recipient). The following day, mice were bled and then challenged 
with 30 LD50 of Steme strain anthrax. The serum neutralizing titer of both 
donors (5 per group) and recipients (N = 20), and percent of recipients 
surviving challenge, are shown. Please note that mouse serum gave a 
higher background than macaque serum in this neutralizing assay. 
* Significantly higher than AVA group, P < 0.05. 





R 2 = .41,p<.01 











Log (Anti-PA) titer 

Fig. 5. IgG anti-PA titers and toxin neutralizing titers were monitored in 
sera from macaques immunized with AVA alone or AVA plus CpG ODN. 
Each data point represents the titer of a single serum measured by each 



These differences in susceptibility correlated with the titer 
of toxin neutralizing Abs present in donor serum transferred 
to recipient mice. Macaques immunized with AVA + ODN 
7909 had on average a 17-fold higher toxin neutralizing titer 
than those immunized with AVA alone (Table 1, P < 0.03). 
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Days post challenge 

Fig. 4. Pre-immune serum (O), or serum from rhesus macaques vaccinated 1 1 days earlier with AVA alone (A) or AVA + CpG ODN 7909 (■) was 
pooled and injected i.p. into A/J mice (0.1 ml per recipient). The following day, mice were challenged with 30 LD 50 of Sterne strain anthrax. Results of 
two independent experiments involving at combined total of 20 recipients per treatment arc shown. 
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A similar difference in neutralizing Ab levels was detected in 
the serum of recipient mice immediately prior to challenge 
(Table 1, P < 0.05). As expected, serum IgG anti-PA titers 
correlated closely with toxin neutralizing activity (Fig. 5, 
R 2 = 0.41, P < 0.01). 



4. Discussion 

CpG motifs present in bacterial DNA and synthetic 
oligonucleotides directly stimulate B cells and plasmacy- 
toid dendritic cells that express Toll-like receptor 9 [15,16]. 
This initiates an immunostimulatory cascade that results in 
the functional maturation of professional antigen present- 
ing cells and the production of Thl and pro-inflammatory 
cytokines and chemokines [13,14,32,33], 

Studies in mice demonstrated that CpG ODN could 
serve as immune adjuvants, significantly improving the 
immune response elicited by protein antigens and vaccines 
[21,22,34,35]. CpG ODN boosted the immune response 
elicited by vaccines against influenza, measles, hepatitis 
B surface Ag and tetanus toxoid by one to three orders 
of magnitude, while increasing the production of Thl cy- 
tokines and the activity of antigen-specific CTL [34-39]. 
Due to evolutionary divergence in TLR 9 expression be- 
tween species, CpG motifs optimized for activity in humans 
are less effective in mice [24-26]. Thus, pre-clinical studies 
of CpG ODN planned for human use are best performed in 
non-human primates [12,24-26,28]. Studies of orangutans, 
aotus monkeys, and rhesus macaques showed that CpG 
ODN boosted the immune response elicited by the hepatitis 
B vaccine and heat-killed leishmania vaccine by several 
fold [10-12]. 

The current work evaluated whether clinical grade CpG 
ODN (developed for use in cancer immunotherapy) could 
improve the immune response elicited by AVA (the licensed 
human anthrax vaccine). Results indicate that macaques im- 
munized with AVA plus CpG ODN mounted a stronger im- 
mune response when challenged with Sterne strain anthrax 
spores (Fig. 1). The combination of CpG ODN plus AVA 
triggered a faster, higher avidity, and higher-titered immune 
response than vaccine alone, resulting in a significant im- 
provement in protective immunity against anthrax (Fig. 4). 

The induction of IgG anti-PA Abs is the most rele- 
vant measure of vaccine immunogenicity, since these Abs 
confer protection against infection [1]. Consistent with 
previous studies, serum levels of IgG anti-PA Abs corre- 
lated closely with toxin neutralizing activity, a surrogate 
marker for protective efficacy [1]. While antigen-specific T 
cell and cytokine responses may also be affected by CpG 
ODN [14,40], reagents to monitor anthrax-specific cellular 
responses in macaques are not available. Yet preliminary 
studies in mice showed that adding CpG ODN to AVA stim- 
ulated a predominantly Thl -biased immune response char- 
acterized by increased levels of IgG2a anti-PA antibodies 
(data not shown). 



Current results demonstrate that the avidity of the sec- 
ondary IgG anti-PA immune response was significantly im- 
proved by inclusion of CpG ODN (Fig. 2). This effect is 
consistent with the documented ability of CpG ODN to pro- 
mote the functional maturation of professional APC [41]. 
In this context, ongoing studies suggest that other meth- 
ods of targeting AVA to professional APC also results in 
higher-titered, more avid immune responses. 

As with all novel therapies, the possibility of adverse side 
effects was considered. In previous studies, CpG ODN were 
safely administered to rodents and primates without adverse 
consequences [12,42]. In the current work, no serious local 
or systemic adverse reactions were observed in any of the 
macaques treated with CpG ODN plus AVA. 

Vaccines targeting biothreat pathogens are typically de- 
signed for prophylactic (pre-exposure) use. However, vac- 
cines capable of accelerating the development of protective 
immunity can be of therapeutic benefit to individuals ex- 
posed to biothreat pathogens (e.g., workers in anthrax- 
contaminated buildings) and/or for "ring vaccination" of 
individuals at sites of known infection. For these latter 
purposes, the capacity of CpG ODN to accelerate as well 
as increase the titer of anti-anthrax Abs is of particular in- 
terest. Our results demonstrate that co-administering CpG 
ODN with AVA generates high levels of toxin neutralizing 
antibodies very rapidly (exceeding AVA alone by 17-fold 
at 11 days post-immunization). Passive transfer of these 
serum antibodies protected nearly half of naive mice from 
challenge with 30 LD50 of anthrax spores (Fig. 4, P < 0.03 
versus AVA alone). These findings support the further devel- 
opment of CpG ODN as an adjuvant for vaccines targeting 
biothreat pathogens. 
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